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The ferromagnet-topological insulator-ferromagnet (FM-TI-FM) junction exhibits thermal and
electrical quantum Hall effects. The generated Hall voltage and transverse temperature gradient
can be controlled by the directions of magnetizations in the FM leads, which inspires the use of
FM-TI-FM junctions as electrical and as heat switches in spintronic devices. Thermal and electrical
Hall coefficients are calculated as functions of the magnetization directions in ferromagnets and the
spin-relaxation time in TI. Both the Hall voltage and the transverse temperature gradient decrease
but are not completely suppressed even at very short spin-relaxation times. The Hall coefficients
turn out to be independent of the spin-relaxation time for symmetric configuration of FM leads.
The discovery and experimental realization of topolog-
ical insulators (TI) opened a new and vividly developing
field of theoretical and experimental investigations [1–4].
Two-dimensional TI belong to the class of quantum spin
Hall systems [1, 2] that are distinguished by the exis-
tence of chiral spin-polarized edge states. There are two
chiral states with opposite spin-projections at each edge
that propagate in the opposite directions. The existence
of the edge states implies strong similarity between the
properties of TI and of a quantum Hall system, although
no external magnetic field is applied. Each spin-polarized
edge state is subject to an effective magnetic field cor-
responding to a one magnetic flux quantum per elec-
tron (the condition for the lowest quantum Hall plateau),
hence it contributes to the quantized Hall conductance
of the sample. However, the signs of the effective mag-
netic fields are opposite for the edge states with opposite
spin projections, which results in the exact cancellation
of contributions from the two counter-propagating edge
states to the total Hall conductance [2].
It has been suggested in the early papers on quantum
spin Hall effect that the properties of spin-polarized edge
states can be probed by injecting spin-polarized currents
in TI [1, 2]. In this paper we show, that the quantum
Hall electrical and thermal resistances can be revealed in
the experimental measurements on a two-dimensional TI
sandwiched between the two ferromagnets (FM) in a FM-
TI-FM junction (see Fig. 1). The use of ferromagnets al-
lows spin-selective contacting of the edge states in TI. In
the ideal situation of completely polarized ferromagnets
it is possible to contact a single chiral spin-polarized edge
state. Thus one would measure quantized value of elec-
trical Hall conductance GQ = dI‖/dVH = e2/h proper to
the lowest Landau level of the integer quantum Hall ef-
fect. Similarly, the longitudinal heat flow through TI will
result in the appearance of a transverse temperature gra-
dient, which is the essence of the thermal Hall effect. The
corresponding thermal Hall coefficient is also quantized
KQ = dQ‖/dT⊥ = (pi2k2B/3h)T .
The coupling between the spin-polarized edge state of
TI and FM lead depends on the angle between the mag-
netization of the lead and the direction of spin quantiza-
tion axis in TI. The latter is determined by the crystal-
lographic structure of TI [1–4]. Rotating the magnetiza-
tion direction in FM leads, one can control the transverse
voltage and the transverse thermal gradient induced in
TI. It varies from a finite maximal value, when the ori-
entation of magnetizations in FM is parallel to the spin-
quantization axis in TI, to the complete suppression of
transverse voltage and temperature gradient for the per-
pendicular orientation (see Fig. 2).
Topological insulators are often contaminated with
magnetic impurities that introduce scattering between
the chiral states at the edge. Nevertheless, as long as
the localization length is larger than the system length
[5], the edge states remain intact. The quasi-elastic spin-
flip back-scattering by magnetic impurities, while reduc-
ing the transverse temperature gradient and the Hall
voltage in general, does not suppress the thermal and
electrical Hall effects in FM-TI-FM structure completely
(see Fig. 3). The Hall coefficients remain finite even in
the formal limit of infinitely short scattering time. The
dimensionless electrical (RH = dVH/dI‖) and thermal
(RT = dT⊥/dQ‖) Hall resistances are equal to each other,
RHGQ = RTKQ = F , (1)
where the factor F depends on conductances, polariza-
tions of ferromagnetic contacts, magnetization directions,
and the spin-scattering time. Remarkably, in the case of
identical ferromagnets with equal angle θ between the
magnetization and spin-quantization axis of TI, the fac-
tor F turns out to be independent of the scattering time,
its analytical expression reads,
F(g, p, θ) = 2p cos θ
4− g + gp2 cos2 θ , (2)
where g denotes the total dimensionless conductance of
each contact, and p denotes the polarization of FM (to
be defined below). For completely polarized ferromag-
nets (p = 1) with magnetizations parallel to the spin-
quantization axis in TI (θ = 0), the Hall coefficients
ar
X
iv
:1
40
1.
49
86
v3
  [
co
nd
-m
at.
me
s-h
all
]  
3 D
ec
 20
14
2retain their quantized values. At the same time, the
ratio of transverse and longitudinal voltages (VH/V ) as
well as transverse and longitudinal temperature gradients
(∆T⊥/∆T ) depends on the scattering time,
VH
V
=
∆T⊥
∆T
=
t0n0v0 + 1
3 + 2t0n0v0
, (3)
where t0 denotes the quasi-elastic spin-flip scattering
time by magnetic impurities, n0 is the linear concentra-
tion of electrons on the edge, and v0 denotes the Fermi
velocity in the edge state.
In the opposite case when electrons injected in the TI
are completely unpolarized (FM polarization (p = 0)
or, equivalently, the magnetization of FM electrodes is
perpendicular to the spin-quantization axis in the TI
(θ = pi/2)) charge and thermal quantum Hall effects dis-
appear in complete agreement with the situation in quan-
tum spin Hall system [1, 2]. In that case, the factor F
in Eq. (2) equals to zero, indicating the vanishing Hall
voltage and transverse temperature gradient.
The emergence of the temperature gradient transverse
to the heat flow through TI is in fact identical to the ther-
mal quantum Hall effect (Leduc-Righi effect) [6]. Con-
sider a single chiral edge state in TI, which we denote as
the spin-up state: Let us suppose that the left contact
has a higher temperature than the right one (T1 > T2)
(see Fig. 4). In that case the hot electrons from the left
contact propagate along the lower edge, and the cold elec-
trons from the right contact propagate along the upper
edge. In the absence of relaxation, the electrons on the
edges are not in the equilibrium, however, as it will be
shown below, one still can associate an effective temper-
ature to the electron distribution. Thus, a temperature
difference between the edges is created that is perpen-
dicular to the heat flow. At the same time, there is a
counter-propagating spin-down edge state in TI. For that
state the Leduc-Righi effect has the opposite sign. If the
reservoirs are spin-unpolarized, the temperature differ-
ences created by the spin-up and spin-down edge states
compensate each other exactly resulting in zero net ef-
fect. Another situation is realized, if the reservoirs are
ferromagnetic. In that case the contact conductances for
spin-up and spin-down electrons differ, the compensation
of contributions from spin-up and spin-down edge states
does not take place any more, and a finite temperature
difference between the edges is predicted. Analogously,
the Hall voltage is generated by the potential difference
between the ferromagnets.
In what follows we develop a general description of
FM-TI-FM junction in terms of rate equations for dis-
tribution functions of the edge states. To this end let
us consider the experimental setup shown schematically
in Fig. 1. The contacts between ferromagnets and TI
are described using Landauer-Bu¨ttiker scattering matrix
formalism [7].
Let us first assume no spin scattering between the edge
FM1 FM2 
TI 
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FIG. 1. (Color online) Proposed experimental setup of FM-
TI-FM junction. Spin-↑ and spin-↓ electrons have opposite
chirality at the edge states.
𝜃1=𝜃2 = 𝜃 
𝜃 = 90° 
FIG. 2. (Color online) Ratio of the transverse to longitudinal
temperature gradient ∆T⊥/∆T , which is equal to the ratio of
the Hall voltage to longitudinal voltage VH/V , as a function
of the angle θ between the magnetizations of ferromagnets
and the spin-quantization axis in TI for symmetric contacts.
The polarizations of contacts are p = 1 (upper curve) and
p = 0.5 (lower curve). The spin-scattering time τ = 10. The
total dimensionless conductances of the contacts g1 = g2 =
1. Insets show the magnetization directions in ferromagnets
(arrows) and the direction of the spin quantization axis in TI
(dashed line) for the general symmetric configuration and the
case of perpendicular orientation, equivalent to the absence
of FM leads.
channels of TI (no magnetic impurities). Then the spin
channels do not mix and there is no inter-channel relax-
ation of the distribution functions, hence one can study
the distribution of electrons in each spin-channel sepa-
rately. Consider a single spin channel in more detail
(see Fig. 4). We suppress the spin index for brevity.
When the quantum coherence is preserved withing the
TI edge state, then the propagation of electrons between
the external reservoirs though TI should be considered
as a quantum mechanical scattering problem. Introduce
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FIG. 3. Ratio of the temperature gradients and voltages
∆T⊥/∆T = VH/V as a function of the relaxation time τ
for the parallel orientation of magnetizations θ = 0 and for
the equal polarizations of ferromagnets p = 1 (solid line) and
p = 0.5 (dashed line). The total dimensionless conductances
of the contacts g1 = g2 = 1.
FIG. 4. (Color online) Scheme of scattering in FM-TI contact
for a single chiral spin-polarized edge state.
the tunnel and reflection amplitudes for each contact:
t1, r1, t2, r2, |ti|2 + |ri|2 = 1. Denote the annihilation
operators in reservoirs as a1, a2, and in the upper and
lower edge states as au, ad. The scattering description of
the contacts provides the following relations between the
operators in reservoirs and in the edge channels
ade
−iφ/2 = r1aueiφ/2 + t1a1
aue
−iφ/2 = r2adeiφ/2 + t2a2,
(4)
where φ is a phase collected by an electron along the
edge, and solving for au and ad we obtain
au =
t1r2
1− r1r2e2iφ a1e
i 32φ +
t2
1− r1r2e2iφ a2e
i 12φ,
ad =
t2r1
1− r1r2e2iφ a2e
i 32φ +
t1
1− r1r2e2iφ a1e
i 12φ.
(5)
Eq. (5) immediately leads to the relation between the
distribution functions on the edge and in the contacts.
We denote the Fermi-Dirac distribution functions in the
ferromagnets
Fi = 〈a+i ai〉, i = 1, 2. (6)
The reservoirs are mutually uncorrelated, which implies
〈a+1 a2〉 = 〈a+2 a1〉 = 0. Then the distribution functions
in the upper anl lower edge channels can be expressed
respectively as
fu = 〈a+u au〉 =
|t1r2|2F1 + |t2|2F2
1 + |r1r2|2 − 2r1r2 cos(2φ) ,
fd = 〈a+d ad〉 =
|t2r1|2F2 + |t1|2F1
1 + |r1r2|2 − 2r1r2 cos(2φ) .
(7)
The distribution functions Eqs. (7) can also be ex-
pressed through dimensionless conductances of the con-
tacts gi = (h/e
2)Gi. Assuming that the phase φ is
random (due to relaxation and thermalization processes)
uniformly distributed variable, we average Eqs. (7). Fur-
thermore, taking into account that |ti|2 = gi, |ri|2 = 1−gi
we finally get
fu =
g1(1− g2)
1 + (1− g1)(1− g2)F1 +
g2
1 + (1− g1)(1− g2)F2,
fd =
g2(1− g1)
1 + (1− g1)(1− g2)F2 +
g1
1 + (1− g1)(1− g2)F1.
(8)
As we have shown, when the phase coherence is lost on
the length which is much shorter than the length of the
edge channel, the contacts between the edge state and
external reservoirs should be described in terms of trans-
mission probabilities. We will now rederive our result in
Eq. (8) and later use this approach to study the generic
case of two spin-polarized edge channels. Consider, for
example, an electron coming from the upper edge to the
contact 1 (see Fig. 4): it is absorbed into the lead FM1
with the probability g1, which equals to the dimension-
less contact conductance, and it is reflected from the con-
tact into the lower edge with the probability 1 − g1. At
the same time, the incoming wave from FM1 goes to the
lower edge with the probability g1. Analogous relations
determine the scattering at the contact 2. The time evo-
lution of distribution functions in the upper and lower
parts of the edge channel is governed by the following
equations [7]
dfu
dt
=
n0v0
2pi
{(1− g2)fd + g2F2 − g1fu − (1− g1)fu} ,
dfd
dt
=
n0v0
2pi
{(1− g1)fu + g1F1 − g1fd − (1− g1)fd} .
(9)
Since only elastic scattering is taken into account, the
energy  is conserved. In writing Eqs. (9) we neglected
the size of the region close to the contact, where the
spatial change of the distribution function occurs, thus
we omitted the spatial dependence of the distribution
functions. The stationary solutions of Eqs. (9), dfu/dt =
0, dfd/dt = 0 immediately reproduce Eqs. (8).
4The temperature difference or the finite voltage dif-
ference between the left (F1) and right (F2) reservoirs
results in non-equilibrium distribution functions on the
upper and the lower edge. Still one can define an effec-
tive temperature and an effective chemical potential at
each edge by making a gedanken experiment, which con-
sists of coupling each edge to a system in thermodynam-
ical equilibrium, which we refer to as the thermometer.
The temperature and the chemical potential of the ther-
mometer, at which there is no net heat and particle flow
between the thermometer and the edge can be defined as
the effective temperature and the effective chemical po-
tential [8–10]. Therefore, the effective chemical potential
and the effective temperature on the edge ν = u, d are
defined by the following equations,∫
fν()d =
∫ [
exp
(
− µν
kBTν
)
+ 1
]−1
d, (10)∫
fν()d =
∫ [
exp
(
− µν
kBTν
)
+ 1
]−1
d, (11)
where we assumed that the density of states in the con-
ductance channel does not depend on energy. Experi-
mentally, the measurement of a single spin channel can
be realized if both the leads and the thermometers are
completely polarized ferromagnets.
Applying Eqs. (10) and (11) to the distribution func-
tions Eqs. (8), one obtains the relations between the
longitudinal (∆T = T1−T2) and transverse temperature
(∆T⊥) differences as well as between the longitudinal and
Hall voltages in the form,
∆T⊥
∆T
=
VH
V
=
g1g2
1− (1− g1)(1− g2) . (12)
In this case we obtain the electrical and thermal Hall
conductances proper to the first integer quantum Hall
plateau GH = GQ, K = KQ.
Now let us turn to the generic case of two spin-
polarized edge channels. In that case, the contact be-
tween a FM lead and each spin-polarized channel is char-
acterized by a spin-dependent dimensionless conductance
giσ, where i = 1, 2 corresponds to the FM lead and
σ =↑, ↓ denotes the spin-projection of the edge state. The
total dimensionless conductance of the contact is given by
the sum gi = gi↑ + gi↓. The angular dependence of con-
tact conductances stems from the tunneling magnetore-
sistance effect [11]. The band structure of a ferromagnet
consists of majority (further denoted as “+”) and minor-
ity (further denoted as “-”) spin-polarized bands, that
have different density of states (DoS) at the Fermi level.
Therefore, each spin-polarized band provides a different
contribution to the contact conductance. Analogously,
there are spin-polarized energy bands for the edge-states
in TI, although their DoS are equal. If the magnetization
direction in FM is parallel to the spin-quantization axis
in TI, each spin-polarized band of FM couples to a single
spin-polarized edge state of TI. For an arbitrary angle θ
between the magnetization in the ferromagnet and the
spin-quantization axis in the TI, each band in FM has fi-
nite hybridizations with both edge states of TI. Thereby
the hybridization strength depends on θ. This in turn re-
sults in the angular dependence of partial conductances
between the FM band (+/−) and the spin-polarized edge
state (↑ / ↓), which is given by the expressions [11]
G+↑ (θ) = G
+ cos2(θ/2), G+↓ (θ) = G
+ sin2(θ/2)
G−↑ (θ) = G
− sin2(θ/2), G−↓ (θ) = G
− cos2(θ/2). (13)
Since both edge states of TI have the same DoS, the par-
tial conductances Eqs. (13) are determined by only two
independent material parameters, G+ and G−, that char-
acterize the coupling to the majority and minority bands
respectively. It is convenient to characterize the spin-
selectivity of the contact (i) by the contact polarization
degree of the ferromagnet pi, that is defined as
pi =
∑
σ=↑,↓
(
G+iσ −G−iσ
)
/Gi, (14)
where Gi =
∑
σ=↑,↓(G
+
iσ +G
−
iσ) is the total conductance
of the contact. Thus, the total angular-dependent con-
ductances to the spin-up and spin-down edge channels
are given by
Giσ = Gi(1± pi cos θi)/2, (15)
where the upper and the lower sign corresponds to spin-
up and spin-down edge state respectively. Analogous
expressions follow for the dimensionless partial conduc-
tances giσ = (h/e
2)Giσ.
Therefore, a FM-TI-FM junction provides a possibil-
ity to create different contact conductances for different
spin-channels and thus get a controlled net thermal and
electrical Hall conductances of the whole system. More-
over, edge states can be contacted individually in the
case of completely polarized ferromagnet that can be re-
alized in semi-magnetic semiconductors. In that case the
electrical and thermal Hall conductances proper to the
integer quantum Hall effect are observed.
Electrons in each edge state are described by a distri-
bution function fνσ, where ν denotes the position of the
edge (ν = u, d), and σ =↑, ↓ is a spin-index, which also
determines the chirality of the edge state in TI. Spin-
scattering between the counter-propagating edge states
induced by magnetic impurities is taken into account phe-
nomenologically, introducing the spin-scattering time t0
[12]. Thus, the rate equation describing the evolution of
the distribution function at the edge ν with spin σ can
be written as
dfνσ
dt
=
n0v0
2pi
{(1− gνσ)fν¯σ − fνσ + Γνσ}− 1
t0
(fνσ−fνσ¯),
(16)
5where ν¯ denotes the edge opposite to ν and σ¯ denotes the
spin projection opposite to σ. According to the chirality
of the edge states (cf. Figs. 1, 4), we define
gu↑ = g2↑, gu↓ = g1↓, gd↑ = g1↑, gd↓ = g2↓, (17)
Γu↑() = g2↑F2(), Γu↓() = g1↓F1(), (18)
Γd↑() = g1↑F1(), Γd↓() = g2↓F2(). (19)
Stationary solutions of Eq. (16) contain the full infor-
mation about the nonequilibrium distribution functions
of the edge states. The analytical solution can be repre-
sented in the form
fµσ() = Dµσ()/D0, (20)
where
D0 = (g1↑ + g2↑ − g1↑g2↑)(g1↓ + g2↓ − g1↓g2↓)
+ (g0 − g1↑g2↑ − g1↓g2↓) /τ
+ [2g0 − (g1↑ + g1↓)(g2↑ + g2↓)] /τ2, (21)
and
Dµσ() = [Γµσ() + (1− gµσ)Γµ¯σ()] (gµσ¯ + gµ¯σ¯ − gµσ¯gµ¯σ¯)
+ [2Γ0() + Γµσ()(gµσ¯ + gµ¯σ¯ − gµσ¯gµ¯σ¯)− 2Γµ¯σ()gµσ
−Γµσ¯()(gµσ + gµ¯σ¯ − gµσgµ¯σ¯)− Γµ¯σ¯()(gµσ + gµσ¯)] /τ
+ [2Γ0()− (Γµ¯σ() + Γµ¯σ¯())(gµσ + gµσ¯)] /τ2 (22)
with g0 =
∑
νσ gνσ, Γ0 =
∑
νσ Γνσ. Here we introduced
the dimensionless relaxation time τ = t0n0v0.
To calculate the thermal Hall coefficient and the Hall
conductance, we need expressions for the heat flow and
the electrical current through the system. In the station-
ary state, the heat flow and the electrical current can be
related to the particle flow at one of the contacts. For
example, the particle flow out of the contact 1 (the left
contact in Figs. 1, 4) consists of spin-up electrons going
from the contact to the lower edge, and spin-down elec-
trons going from the contact to the upper edge. Those
particles have the distribution function of FM1. The flow
into the contact consists of spin-up electrons coming from
the upper edge and spin-down electrons coming from the
lower edge, which are distributed according to the dis-
tribution functions fu↑ and fd↓ respectively. Therefore,
the total electrical current and the heat flow through the
contact are given by
I =
e
h
∫
d {(g1↑ + g1↓)F1()− g1↑fu↑()− g1↓fd↓()} ,
Q =
∫
d {(g1↑ + g1↓)F1()− g1↑fu↑()− g1↓fd↓()} .
To calculate the Hall voltage and the transverse tem-
perature gradient for the case of two spin edge channels
we define effective chemical potential and temperature at
each edge ν (analogously to Eqs. (10, 11)
∫
(fν↑() + fν↓())d =
∫ [
exp
(
− µν
kBTν
)
+ 1
]−1
d,∫
(fν↑() + fν↓())d =
∫ [
exp
(
− µν
kBTν
)
+ 1
]−1
d
Calculating the relations between the transverse tem-
perature gradient and the longitudinal heat current RT =
∆T⊥/Q and also between the Hall voltage and the elec-
trical current RH = VH/I, we obtain the dependence
of the Hall coefficients on the parameters of the exper-
imental setup. Thereby the dimensionless thermal and
electrical Hall coefficients turn out to be equal to each
other, as stated in Eq. (1). Moreover, the Hall coeffi-
cients become independent of the relaxation time τ for
the symmetric contacts, as it is pointed out in Eq. (2).
Eqs. (20) – (22) give the distribution functions of the
spin-polarized edge channels as linear combinations of
the distribution functions F1(), F2() in ferromagnets
with coefficients depending on partial conductances of
the contacts gνσ and the relaxation time τ . They simplify
substantially in particular limiting cases. Consider the
case of completely polarized ferromagnets, p1 = p2 = 1,
with perfect contact conductances g1 = g2 = 1, and equal
angle θ between the magnetization of the left and the
right ferromagnet, and the quantization axis in TI. In
that case we obtain
fu↑() =
(6 + 2 cos θ)(1 + τ)
12 + 9τ − τ cos2 θ F2()
+
[3(2 + τ)− 2(1 + τ) cos θ − τ cos2 θ]
12 + 9τ − τ cos2 θ F1(). (23)
The distribution function fu↓ is obtained from Eq. (23)
by interchange F1() ↔ F2(), and cos θ → − cos θ.
Distribution functions on the lower edge fdσ are ob-
tained from the distribution functions fuσ by interchange
F1()↔ F2().
In the absence of relaxation, τ →∞, and for magneti-
zations of ferromagnets parallel to the spin-quantization
axis in TI, θ = 0, the spin-up edge states acquire the
distribution functions from the corresponding FM leads,
fu↑() = F2↑(), fd↑() = F1↑(), whereas the electron
distribution for the spin-down states is the same on both
edges, and it equals the half-sum of the distribution func-
tions in the leads, fu↓() = fd↓() = (F1↑() + F2↑()) /2.
Experimental measurement of the transverse tempera-
ture gradient performed with completely spin-polarized
probes would reveal the ideal result ∆T⊥ = ∆T , and
hence it would give the quantum thermal Hall coeffi-
cientKQ. Measurement of the temperature gradient with
a spin-unpolarized thermometer will effectively average
the electron distributions of the spin-up- and spin-down-
states at each edge, leading to the result ∆T⊥ = ∆T/2,
hence RT = 1/(2KQ). Analogous results follow for the
6Hall voltage. Measurements of the Hall voltage by spin-
polarized probes would give the ideal result VH = V , and
the quantized Hall conductance GQ, while the measure-
ments with nonmagnetic probes would give VH = V/2,
RH = 1/(2GQ). Those results are in complete analogy to
the measurements of the quantum Hall effect with spin-
degenerate vs. spin-splitted Landau levels [13].
In the opposite case of very fast relaxation (within the
validity of our model as discussed above), τ → 0, the
spin-polarized states at each edge are strongly mixed,
and their distribution functions become equal
fu↑() = fu↓() =
F1() + F2()
2
− F1()− F2()
6
cos θ,
fd↑() = fd↓() =
F1() + F2()
2
+
F1()− F2()
6
cos θ.
Thus, we obtain the following result for the transverse
temperature gradient and for the Hall voltage,
∆T⊥/∆T = VH/V = (1/3) cos θ. (24)
Because of a strong mixing between the spin-up and spin-
down states, the measurements with a spin-polarized and
spin-unpolarized thermometer would give the same re-
sult. Interestingly, both the transverse temperature dif-
ference and the Hall voltage do not disappear even for the
fast spin relaxation, meaning that the thermal and elec-
trical Hall effects are not suppressed by the quasi-elastic
scattering by magnetic impurities. Their dependence on
the spin-relaxation time is shown in Fig. 3.
In conclusion, we showed theoretically that the ther-
mal quantum Hall effect as well as the electrical quan-
tum Hall effect can be observed in topological insulators
in contact with ferromagnetic leads. By changing direc-
tions of the magnetizations in FM with respect to the
spin-quantization axis in TI, one can obtain a large de-
gree of control over the generated Hall voltage and trans-
verse temperature gradient. The measured Hall effects
are maximal, if the measurement is performed by ferro-
magnetic probes, reaching the quantized values of elec-
trical and thermal Hall coefficients for completely spin-
polarized FM leads and thermometers. Measurements
by magnetically unpolarized probes give smaller values
of the Hall voltage and temperature gradient but the ef-
fect remains substantial. Quasi-elastic back-scattering
by magnetic impurities in TI reduces the induced Hall
voltage and transverse temperature gradient, although
it does not suppress the effect completely. The thermal
and electrical Hall coefficients remain finite even in the
limit of very fast spin-relaxation time. The experimental
setup proposed in this Letter lies well within the reach
of modern technology [14]. Of special importance for ex-
perimental measurements is the symmetric configuration
of FM leads, in which case the Hall coefficients are in-
dependent of disorder. This work gives impetus to the
experimental realization of FM-TI-FM devices and their
application in spintronics.
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